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Abstract 
Based upon elastic ground beam theory and structural dynamics theory, a dynamic simplified  model for  anchor rod(cable) 
frame ground beam under horizontal seismic load is built and verified with a project example using large-scale finite 
element software ANSYS. The results of the study show that this model is reasonable and time-saving in calculation. The 
bending moment of the bottom section of the ground beam is considerably larger than that of the top section but its 
amplitude fluctuation is small. The amplitude fluctuation of the bending moment of the ground beam increases with the 
distance away from the beam bottom. 
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1. Introductions 
Because of such outstanding advantages as advanced technology, safety, high reliability, economy, beauty 
and convenience in construction, pre-stressed anchor rod (cable) was widely used in civil engineering, 
hydraulic engineering, transportation engineering, mining engineering and etc. A pre-stressed anchor rod 
(cable) usually constitutes of an anchor rod (cable), an anchorage body and a slope frame ground beam, of 
which the slope frame ground beam plays a vital role in slope support as its main function is to transfer space 
rock and soil mass pressure, improve internal stress of the rock and soil mass and effectively control the 
deformation and displacement of the slope. Currently, elastic ground beam method and reverse beam method 
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are often used in engineering calculation in the design of slope frame ground beam. Under seismic load, some 
seismic damages such as dropping of anchor head,  cracking or even breaking of the frame ground beam and 
large-scale deformation of the strengthened slope often occur, which not only cause major economic losses 
and negative social impact but also severely affect the in-disaster emergency repairing  and the post-disaster  
recovery work. However, compared to that for static state, there is very few studies on the frame dynamics of 
slope pre-stressed anchor rod (cable), so its dynamic response characteristic and seismic mechanism are not 
clear. Therefore, further and deeper studies in this regard are of great significance. 
2. Establishment of dynamic model for pre-stressed anchor rod (cable) frame ground beam 
A simplified dynamic model of the slope frame foundation single beam under horizontal seismic load is 
built on the basis of elastic ground beam theory and the following assumed conditions: 
(1) in calculation, the transverse frame beams and the vertical frame beams in the grid are considered as 
continuous beams independent of each other. 
(2) the interaction between the ground beam and the rock and soil mass and that between the ground beam 
and the anchor rod(cable) are both simulated with a linear spring. 
(3) at the intersections of the transverse frame beams and the vertical frame beams, the interaction between 
the ground beam and the anchor rod(cable) are distributed onto the transverse frame beams and the vertical 
frame beams in accordance with the stiffness of the ground beam. 
(4) The failure wedge soil mass in the corresponding unit of the beam single cable section will be translated 
and overlaid to beam volume weight by the principle of gravity equation superposition, that is, considered by 
the additional mass. 
Under the action of the horizontal seismic force, in accordance with the basic assumptions, the vertical 
frame beam will be independently taken out as the object of study; the mechanical model is shown in Figure 1.  
According to the spatial layout of anchor rod (cable), the ground beam section, the distribution of stiffness for 
beam anchor rod (cable), area size of the rock-soil layer of the failure wedge for the corresponding unit and 
the ground beam equivalent density can be determined. A small section will be taken out from each beam 
section to establish the mechanical equilibrium equation and the boundary conditions between sections for 
solving dynamic differential equations to obtain solutions. 
Value of the stiffness distribution of vertical beam anchor rod (cable): according to Pseudo-static analysis 
theory, in Equation (1), the potential slip plane angle can be calculated under the action of seismic loads; in 
combination with the anchor rod (cable) spatial arrangement the length  of anchor rod (cable) free segment 
and anchorage section ,zi miL L can be calculated; at the same time, in accordance with Equation (2), the stiffness 
value of the anchor (cable) gik can be determined, and the transverse beam and vertical beam can be distributed 
by the stiffness size of ground beams and then the stiffness distribution value of vertical beam gsik can be 
obtained. The calculation formula is as following Equation (3). 
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Equivalent density of section ground beam: 
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Dynamic equilibrium equation of section ground beam: 
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Boundary conditions: dynamic equilibrium equations are established for each section of the ground beam, 
and the deformation of the coordination shall be considered between sections and the moment and shear force 
at the beam end of the foot and top of the slope is zero, ie.: 
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Of which, t is the rock-soil friction angle; is the friction angle between the rock and soil mass and ground 
beam; h hA a are the horizontal seismic acceleration and acceleration peak value; mi miE A are the elastic 
modulus and cross-sectional area of the sectional anchor body ; D is diameter of the anchor 
body; s s h hE I E I are respectively the section stiffness of the transverse beam and vertical beam; are the 
included angle of the slope foot and anchor rod (cable); S is the anchor rod (cable) horizontal spacing ; s sE I is 
the stiffness of the ground beam; sA is ground beam cross-sectional area; ik is the foundation rock-soil 
foundation coefficient or anchor rod (cable) stiffness. 
3. Numerical verification of engineering cases 
The height of a slope is 11m, slope angle is 650, the slope importance coefficient is 1.0, and the slope soil 
physical and mechanical parameters are shown in Table 1; the seismic intensity of this project is 8 degree and 
earthquake dynamic acceleration peak is 0.2g. Its dynamic safety factor is 0.988 as calculated by Sweden slice 
method, so support is needed.  Preliminary study plans to adopt the prestressed anchor frame support 
programs,and the safety factor is 1.3, and pseudo-static limit equilibrium method is proposed to calculate them 
and the design results are shown in Figure 1. 
Table 1. Physical and mechanical parameters of soil 
3/t kN m  /tE Mpa   /tc kpa
0/t  
16.5 2 0.3 16 20 
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3.1. Dynamic analysis of frame ground beam 
3# vertical frame beam is selected for the harmonic seismic response analysis, and the sine wave is adopted 
for seismic wave of which the frequency is 2Hz and acceleration peak is 0.2g, namely, 
the sin 2sin 4h hA a t t ,other calculation parameters are: the elastic modulus for the vertical frame beam 
and transverse beams and anchor body 24s h mE E E Gpa , volume weight 325 /s kN m and soil foundation 
coefficient 20 60 /ik k b MN m , 00.5 10t . 
 
 
Fig.1. Sectional sketch of slope for dynamic (unit: meter) 
3 # vertical frame beam is divided into four sections based on the anchor rod (cable) vertical layout. For 
any section, its dynamic differential Equation (5) can be solved using the complex function theory, solving the 
corresponding solution cos sini th h hA a e a t i t , of which the imaginary part is the analytical solution of 
the problem. Thus, the problem solving equation is as follows: 
4 2
4 2
, ,
, sin i ts s si s i si s h
W x t W x t
E I A k W x t A a e
x t
                                                  (8) 
Make , i tW x t W x e ,and then substitute it to the Equation 8  
4
1 24
W x
W x
x                                                                                                   (9) 
2
1 2
sin
of which ,i si s si s h
s s s s s s
k A A a
E I E I E I
 
Four characteristic roots 1 2 3 4r r r r are obtained by solving the corresponding characteristic equation of 
Equation (9) 4 1 0r and then the general solution of equation (8) is: 
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With Equation (6), the mathematical expression ( , ) ( , ) ( , )x t M x t Q x t can be obtained,of which the 
imaginary part is the analytical solution of this ground beam section. Solving the dynamic differential 
equation of each section and with the boundary conditions Equation (7), analytical solution for the whole 
beam can be obtained. 
Taking into account the complexity of the boundary conditions of sections, a numerical solution will be 
carried out with built vertical frame beam simplified dynamic model and finite element ANSYS software. 
Figure 2 shows the time curve of the mid-span bending moment of the first span from the 
bottom(corresponding to No. 48 node in the three-dimensional model) from which it can be seen that there is 
obvious simple harmonic fluctuation of mid-span bending moment over time and its cycle is the same as the 
seismic wave period. 
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Fig.2. Time curve of moment in the middle of first bottom beam 
3.2. Numerical Verification 
In order to verify the correctness of this model, a numerical comparative analysis is carried out with finite 
element software ANSYS. The soil body adopts the three-dimensional solid No 8 node SOLID45 units; lattice 
beam adopts the three-dimensional elastic beam elements BEAM4; the anchor rod (cable) adopts the three-
dimensional rod unit LINK8; the dimensional finite element model is built as shown in Figure 3; the frame 
ground beam element node number is shown in Figure 4; the model size is 44m × 11m × 22m; and the 
horizontal acceleration sine wave 2sin 4hA t is selected for transient dynamic analysis. 
Figure 5 shows the time curves for No.48 node moment. Comparing Figure 2 with Figure 5, we can find 
that the two coincide, indicating that the built model is correct and reasonable, and that with the simplified 
model, computing takes only three minutes, while the three-dimensional dynamic computation consumes as 
long as eight hours. 
Figure 6 shows the node moment contrast time curve of the different units of vertical frame beam, of which, 
the blue, purple and red curves respectively map the No 48, 44, 40 node moments. We can find that under the 
earth pressure, the moment at the bottom of the vertical frame beam is significantly larger than that of the top, 
but the moment at the bottom under the action of the seismic loads is small in the amplitude fluctuation, and 
the amplitude of fluctuations increases with increase of distance away from the slope bottom, which is related 
to the lessening of the upper anchor rod (cable) stiffness. 
 
Fig.3. Calculation model of FEM                                                       
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 Fig.4. Node number of element for frame beam 
 
Fig.5. Time curve of moment of No.48 node                                             
 
 Fig.6. Time curve of moment of No.40,44,48 nodes 
4. Conclusions 
The conclusions below can be drawn through the analysis on slope ground beam under dynamic action: 
100   Yuan Ping and Liu Yongbiao /  IERI Procedia  1 ( 2012 )  94 – 100 
 
(1) Based on elastic ground beam and structural dynamics theory,  a  dynamic simplified model for frame 
ground beam is built and numerical simulation through actual engineering cases shows it is correct and 
reasonable; 
(2) The computation time of the dynamic calculation for the frame ground beam can be greatly shortened 
with the simplified model; 
(3)Under the action of the seismic loads, the moment at the bottom of the vertical frame beam is 
significantly larger than that of the top, but the moment at the bottom is small in the amplitude fluctuation, and 
the amplitude of fluctuations increases with increase of distance away from the slope bottom.  
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